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METHODS 
Use of Pulmonary Capillary Wedge Pressure to Assess Severity of 
Mitral Stenosis: Is True Left Atria1 Pressure Needed in 
This Condition? 
RICHARD A. LANGE, MD, DONALD M. MOORE, JR, MD, RICARDO G. CIGARROA, MD, 
L. DAVID HILLS, MD, FACC 
There is disagreement concerning the use of the pulmonary 
capillary wedge pressure (in place of left atria1 pressure) in 
assessing the presence and severity of mitral valve disease. 
This study was done to assess the accuracy and reliability of 
an oximetrically confirmed pulmonary capillary wedge 
pressure in measuring the transvalvular pressure gradient 
and valve area in patients with mitral stenosis. In 10 
patients with mitral stenosis (1 man and 9 women; mean 
age + SD 47 + 7 years), pulmonary capillary wedge 
pressure was measured through an SF Goodale-Lubin 
catheter with its wedge position confirmed by oximetry 
(oxygen saturation 295%). In addition, a transseptal left 
atrial pressure was measured through a Brockenbrough 
catheter and left ventricular pressure was measured 
through a pigtail catheter. 
The mean and phasic left atrial and pulmonary capillary 
wedge pressures were similar (mean left atrial pressure 18 
f 6 mm Hg; mean pulmonary capillary wedge pressure 18 
The evaluation of valve area using the formula of Gorlin and 
Gorlin (I) requires an accurate measurement of the transval- 
vular pressure gradient. In patients with mitral stenosis, the 
simultaneous recording of left atria1 and left ventricular 
pressures is optimal, but transseptal left heart catheteriza- 
tion (to measure left atria1 pressure) requires substantial 
operator expertise and is associated with potentially serious 
complications (2,3). Therefore, in most catheterization lab- 
oratories, pulmonary capillary wedge pressure is used in 
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+ 8 mm Hg; p = NS). When the pulmonary capillary 
wedge pressure was used without adjustment for time 
delay, the transvalvular pressure gradient (9.8 + 3.3 mm 
Hg) and valve area (1.5 rt 0.5 cm’) were significantly 
different (p < 0.05) from the values obtained with use of left 
atrial pressure (7.2 + 2.9 mm Hg and 1.7 f 0.6 cm’, 
respectively). In contrast, when the pulmonary capillary 
wedge pressure was adjusted for the time delay through the 
pulmonary vasculature, the difference in gradients aver- 
aged only 1.7 mm Hg and the mitral valve areas were 
similar. 
Thus, in patients with mitral stenosis, a properly ob- 
tained, confirmed and time-adjusted pulmonary capillary 
wedge pressure accurately reflects left atrial pressure. As a 
result, transseptal left heart catheterization (to measure left 
atrial pressure) is not necessary in these patients. 
(J Am Co11 Cardiol1989;13:825-9) 
place of left atria1 pressure, and a simultaneous recording of 
pulmonary capillary wedge and left ventricular pressures is 
used to calculate mitral valve area. Although several reports 
(4-7) have demonstrated excellent agreement between left 
atrial and pulmonary capillary wedge pressures, two recent 
studies (8.9) have questioned the accuracy of using pulmo- 
nary capillary wedge pressure (instead of left atria1 pressure) 
to quantitate the transvalvular pressure gradient and valve 
area in patients with mitral stenosis. In neither of these 
investigations, however, was the pulmonary capillary wedge 
pressure measured with use of a stiff, large lumen catheter 
whose position was confirmed by oximetry (2). 
The present study was performed to determine if pulmo- 
nary capillary wedge pressure obtained with a stiff, large 
lumen catheter and with its position confirmed by oximetry 
can be used to determine accurately the transvalvular 
pressure gradient and valve area in patients with mitral 
stenosis. 
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Table 1. Clinical Characteristics of the IO Patients 
Pt 
Age (yrV 
Gender Rhythm 
Cardiac 
Output 
(litersimin) PAP 
Pressures (mm Hg) 
LAP PCWP 
(a/v: mean) (a/v; mean) 
I SO/F AF 6.70 48119 -119; 14 -120; 14 
2 41/M SR 3.59 51123 26140; 3 1 26140; 32 
3 61/F AF 3.60 26110 -112; IO -113; 11 
4 42lF SR 5.50 4212 I 22127; 18 22128; 18 
5 47/F SR 5.21 49118 26131; 19 23129; 19 
6 47/F SR 4.43 1 I2148 37140: 23 37140; 23 
7 34lF SR 3.48 87/35 27130; 24 26129; 24 
8 46/F SR 5.38 26116 22113; 12 20114; 12 
9 54/F AF 3.86 52122 -129; 18 -130; 20 
IO 43/F SR 4.96 40114 14119; I4 15119; I4 
Mean 47 4.67 53123 25126; 18 24126; 18 
? SD 7 I .06 21111 7110; 6 7110; 8 
Pressure measurements are in mm Hg. AF = atrial fibrillation; u/v = u waves, ~1 waves; F = female; LAP = left 
atrial pressure; M = male; PAP = pulmonary artery pressure; PCWP = pulmonary capillary wedge pressure; Pt = 
patient; SR = sinus rhythm. 
Methods 
Study patients (Table 1). The study group consisted of 10 
consecutive patients referred for cardiac catheterization for 
the evaluation of mitral stenosis. Informed consent was 
obtained from all patients. 
Variables measured. In each patient, pulmonary artery 
and pulmonary capillary wedge pressures were measured 
through an 8 French Goodale-Lubin catheter introduced 
through a brachial or femoral vein. Catheter placement in the 
pulmonary capillary wedge position was accomplished under 
fluoroscopy, and the position was confirmed in all patients 
by the aspiration of blood with an oxygen saturation ~95%. 
An 8SF Brockenbrough catheter was advanced through the 
right femoral vein to the left atrium by the standard trans- 
septal technique (10). Left ventricular pressure was mea- 
sured through an 8F pigtail catheter introduced through a 
femoral artery. No patient was excluded from the analysis 
because of inadequate pressure measurements or difficulty in 
obtaining a pulmonary capillary wedge blood sample with an 
oxygen saturation 295%. 
Simultaneous left atria1 and pulmonary capillary wedge 
pressures were recorded, and the time required for transmis- 
sion of the left atria1 pressure to the pulmonary capillary 
wedge position (time delay) was measured. Then, left ven- 
tricular pressures were recorded simultaneously with 1) left 
atrial, and 2) pulmonary capillary wedge pressures. Cardiac 
output was determined by the Fick principle, and mitral 
valve area was calculated with the formula of Gorlin and 
Gorlin (1). The mean transvalvular pressure gradients were 
determined from the measured diastolic filling periods after 
planimetry of 5 consecutive beats (in patients with sinus 
rhythm) or 10 consecutive beats (in patients with atria1 
fibrillation). The computation of the pressure gradient with 
use of the pulmonary capillary wedge pressure was per- 
formed both with and without adjustment for the time delay. 
Statistical analyses. All results are expressed as mean 
values + 1 SD. For each variable, the results were compared 
with a repeated measures analysis of variance. Differences 
were analyzed with a two-tailed Students t test for paired 
samples. Significance was accepted at a confidence level of 
95% (p < 0.05). 
Results 
Pulmonary capillary wedge pressure versus left atrial pres- 
sure (Table 1). For the 10 patients, mean pulmonary capil- 
lary wedge and left atria1 pressures were identical, and the 
phasic components of the pressures (a and v waves) were 
similar. A time delay of 70 ? 15 ms was observed between 
the left atrial and pulmonary capillary wedge pressures. 
Representative tracings from Patient 7 are displayed in 
Figure I. 
Mitral valve pressure gradients and areas (Table 2). There 
was a significant difference in the mean mitral valve pressure 
gradient obtained with use of left atria1 pressure and pulmo- 
nary capillary wedge pressure with and without adjustment 
for time delay (Fig. 2). In 8 of the 10 patients, the mean 
transvalvular pressure gradient was highest with use of 
pulmonary capillary wedge pressure not adjusted for time 
delay and lowest with use of left atria1 pressure. The left 
atrial-left ventricular and the adjusted pulmonary capillary 
wedge-left ventricular pressure gradients were within 2 mm 
Hg of one another in five patients and within 3 mm Hg of one 
another in nine. In comparison with the gradient measured 
with left atria1 pressure, the gradients obtained with use of 
pulmonary capillary wedge pressure without and with, re- 
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Figure 1. Hemodynamic recordings from Patient 7. Top panel, 
Simultaneous left atrial (LA) and pulmonary capillary wedge (PCW) 
pressure recordings. There is a time delay of 80 ms, and the y 
descent of the pulmonary capillary wedge tracing is slightly delayed. 
Middle panel, Simultaneous left atria1 (LA) and left ventricular (LV) 
pressure recordings. Bottom panel, Simultaneous pulmonary capil- 
lary wedge (PCW) and left ventricular (LV) pressure recordings. 
13r T _ 
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Figure 2. The mitral valve area (in cm’) (top) and mean diastolic 
pressure gradient (in mm Hg) (bottom) using the left atrial (LA), 
pulmonary capillary wedge (PCW) and pulmonary capillary wedge 
pressures adjusted for time delay (PCWa). LV = left ventricular. *p 
< 0.05 in comparison with values in the other two groups. 
spectively, adjustment for time delay was 44 + 23% versus 
28 i 20’7~ (p < 0.05). 
The mitral \alve areas determined with use of left atria1 
and adjusted pulmonary cmpillary wedge pressures were 
similar and significantly larger (p < 0.05) than that calculated 
with the unadjusted pulmonary capillary wedge pressure 
(Fig. 2). In 9 of the IO patients, the valve areas obtained with 
adjusted pulmonary capillary wedge pressure and left atrial 
pressure were within 0.3 cm’ of each other: in 6 of the 10, 
these values were within 0.1 cm2 of each other. The valve 
areas calculated with the unadjusted pulmonary capillary 
Table 2. Mitral Valve Gradients and Areas in 10 Patients: Comparison of Determinations Based 
on Left Atrial and Pulmonary Capillary Wedge Pressure With and Without Adjustment for Time 
Delay 
Time Delay 
MV Gradient (mm Hg) MV Area (cm’) 
Pt (ms) PCW PCWa LA PCW PCWa LA 
1 
3 
4 
6 
8 
9 
10 
Mean 
i SD 
85 8.4 6.9 5.6 
70 I?.? X.8 7.5 
60 3.8 3.3 1.6 
55 10.3 9.7 7.6 
55 II.1 9.6 X.8 
70 10.8 11.1 7.5 
80 16.1 14.9 I?.5 
55 9. I 10.0 10.0 
65 9.5 7.9 5.7 
loo 6.9 6.5 3.8 
70 9.8* 8.9” 7.1’ 
IS 3.3 3.1 2.9 
2.1 2.3 2.6 
I.? I.5 I.6 
2.2 2.6 2.x 
I.5 I.6 1.6 
1.4 1.5 I.6 
1.1 I.1 I .4 
0.7 0.7 0.7 
2.0 2.0 I.9 
0.9 I.1 I.1 
1.5 1.5 ?.I 
1.5* I.6 1.7 
0.5 0.6 0.6 
“p i 0.05 in comparison with the other two values. 
LA = left atrial: MV = mitral valve: PCWa = pulmonary capillary wedge pressure adjusted for time delay: other 
abbreviations as in Table I. 
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wedge pressure were 16 5 9% lower than those obtained 
with left atria1 pressure, whereas they were only 9 t 10% 
lower with the adjusted pulmonary capillary wedge pressure 
(p < 0.05). 
Discussion 
Accuracy of pulmonary capillary versus left atrial pres- 
sure. In patients with mitral stenosis, the use of pulmonary 
capillary wedge pressure (instead of left atria1 pressure) 
results in an overestimation of the transvalvular gradient 
(Table 2, Fig. 2). As our data demonstrate, however, this 
overestimation is modest when the pulmonary capillary 
wedge tracing is adjusted to correct for the time required for 
transmission of the pressure wave through the pulmonary 
vasculature. Thus, in 9 of 10 patients, the mean left atrial-left 
ventricular pressure gradient and that between adjusted 
pulmonary capillary wedge and left ventricular pressure 
were within 3 mm Hg of one another (average difference 
between gradients 1.7 mm Hg). As a result of this small 
difference between these two pressure gradients, the mitral 
valve areas calculated with these gradients were similar. 
Causes of a possible discrepancy between pulmonary cap 
illary wedge and left atrial pressures. The difference between 
the transvalvular pressure gradient obtained with pulmonary 
capillary wedge and left atria1 pressures may be caused by 
several factors, most of which can be corrected. First, the 
amplitude of the phasic components of the left atria1 pressure 
(u and v waves) may be damped in the pulmonary capillary 
wedge tracing. The extent of such damping is minimized if 
the pulmonary capillary wedge pressure is measured with a 
stiff, large lumen catheter. In the present study, the mean 
and phasic pulmonary capillary wedge pressures (measured 
with an 8F Goodale-Lubin catheter) were almost identical to 
those measured in the left atrium (Table 1). 
Second, the time delay between left atria1 and pulmonary 
capillary wedge pressure recordings results in a higher 
transvalvular pressure gradient and, therefore, in a smaller 
valve area (Table 2, Fig. 2). In the present study, this time 
delay averaged 70 ? 15 ms. The error introduced by this time 
delay can be largely eliminated if the pulmonary capillary 
wedge pressure is adjusted to correct for the delay. 
Third, the pulmonary capillary wedge pressure may be 
contaminated by pulmonary artery pressure, yielding an 
artifactually large pressure gradient and an artifactually 
small valve area. Such contamination is prevented if place- 
ment of the catheter in the pulmonary capillary wedge 
position is confirmed by oximetry (that is, if pulmonary 
capillary blood with an oxygen saturation 295% is aspirated 
from the catheter). 
Fourth, the contour of the phasic components of the 
pulmonary capillary wedge pressure may differ slightly from 
that of the left atria1 pressure. Specifically, the downslope of 
the v wave (the y descent) may be flattened in the pulmonary 
capillary wedge tracing in comparison with the left atria1 
pressure tracing (Fig. l), a finding noted by others (8). In 
short, the transmission of left atria1 pressure through the 
pulmonary vasculature, yielding a pulmonary capillary 
“wedge” pressure, causes a modest distortion of the pres- 
sure contour that is not easily corrected. 
Reliability of the pulmonary capillary wedge pressure in 
mitral stenosis. Although several studies (C7,lO) have re- 
ported close agreement between left atria1 and pulmonary 
capillary wedge pressures in patients with and without mitral 
valve disease, more recent reports (8,9) have questioned the 
reliability of the pulmonary capillary wedge pressure in 
patients with mitral stenosis. Hosenpud et al. (8) retrospec- 
tively reviewed the cardiac catheterization data from 13 
patients with an abnormal mitral valve prosthesis; they 
concluded that the phasic pulmonary capillary wedge pres- 
sure overestimated the transvalvular pressure gradient and, 
therefore, underestimated the valve area. Schoenfeld et al. 
(9) reached similar conclusions in 12 patients with a pros- 
thetic mitral valve. Methodologic considerations, however, 
limit the widespread acceptance of these conclusions. In the 
study of Hosenpud et al. (8), transvalvular pressure gradi- 
ents were not measured simultaneously in many patients. In 
both studies, the pulmonary capillary wedge pressures were 
measured with small lumen, flexible (7F) Swan-Ganz cathe- 
ters, and catheter placement in the pulmonary capillary 
wedge position was not oximetrically confirmed. As a result, 
at least some of the supposed pulmonary capillary “wedge” 
pressures were actually damped pulmonary artery pressures 
(1 l), yielding artifactually large transvalvular pressure gra- 
dients and artifactually small valve areas. The use of a 
flexible, small lumen catheter would be expected to accen- 
tuate any inaccuracies. 
Limitations of the study. Although our data demonstrate 
that a properly obtained and adjusted pulmonary capillary 
wedge pressure allows reliable measurement of the transval- 
vular pressure gradient and valve area in patients with mitral 
stenosis, the discrepancy between adjusted pulmonary cap- 
illary wedge and left atria1 pressures may be greater in those 
with substantial pulmonary hypertension. Only 2 (Patients 6 
and 7) of our 10 patients had marked pulmonary hyperten- 
sion; the other 8 had normal or only modestly elevated 
pulmonary artery pressure. However, in the former two 
patients, the differences in valve area obtained with use of 
adjusted pulmonary capillary wedge and left atria1 pressures 
were minimal (Patient 6: 1.1 cm2 with adjusted pulmonary 
capillary wedge pressure, 1.4 cm2 with left atria1 pressure; 
Patient 7: 0.7 cm* with adjusted wedge and left atria1 
pressure) (Table 2). Nevertheless, further studies are needed 
to demonstrate conclusively that the properly obtained and 
adjusted pulmonary capillary wedge pressure accurately 
reflects left atria1 pressure even in patients with mitral 
stenosis and concomitant severe pulmonary hypertension. 
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Clinical implications. In patients with suspected or 
” I 
proved mitral stenosis, the pulmonary capillary wedge pres- 
should be confirmed oximetrically, and the obligatory time 
sure-provided it is properly obtained and adjusted to cor- 
required for left atria1 pressure to be transmitted through the 
rect for the time delay-allows a reliable and accurate 
measurement of the transvalvular pressure gradient and 
valve area. To optimize the measurement of such a pressure, 
a stiff. laree lumen catheter should be used. Its Position 
2. Grossman W. Cardiac Catheterization and Angiography. 3rd Ed. Phila- 
5. Connolly DC. Kirklin JW. Wood EH. The relationship between pulmo- 
delphia: Lea & Febiger, 1986:71-5. 145-8. 
3. Conti CR, Ross RS. The risks of catheterization teditorial). Am Heart J 
nary artery wedge pressure and left atrial pressure in man. Circ Rer 
lY54:2:434-40. 
1969;78:289-91. 
4. Werko L. Varnauskas E. Eliasch H. Lagerlof H. Senning A, Thommas- 
son B. Further evidence that the pulmonary capillary venous pressure 
pulse in man reflects cyclic pressure changes in the left atrium. Circ Res 
1953:1:337-44. 
pulmonary vasculature should be noted, with steps taken to 
adjust the tracing accordingly. If these precautions are 
taken, pulmonary capillary wedge pressure should accu- 
rately reflect left atria1 pressure. Therefore, transseptal left 
heart catheterization (to measure left atria1 pressure) does 
not appear to be necessary in patients with mitral stenosis. 
6. Luchsinger PC, Seipp HW, Pate1 DJ. Relationship of pulmonary artery- 
wedge pressure to left atrial pressure in man. Circ Res 1Y62:11:315-8. 
7. Batson GA. Chandrasekhar KP. Payas Y. Rickards DF. Measurement of 
pulmonary wedge pressure by the flow directed Swan-Ganz catheter. 
Cardiovasc Res 1972;6:748-52. 
8. Hosenpud JD. McAnulty JH. Morton MJ. Overestimation of mitral valve 
gradients obtained by phasic pulmonary capillary wedge pressure. Cathet 
Cardiovasc Diagn 1983;9:283-90. 
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